Background
Founder mutations are rare causes in arrhythmogenic cardiomyopathy including TMEM43 und phospholamban mutations. The incidence is approximately 1%. P.S358L TMEM43 mutations cause aggressive, in most cases biventricular arrhythmogenic cardiomyopathy [1] , with the necessity of primary prophylactic ICD implantation in men and in women>30 years for sudden cardiac death prevention. The mutation increases the stiffness of the cell nucleus thus producing the massive loss of cardiomyocytes [2] . P.Arg14del phospholamban mutations cause biventricular arrhythmogenic cardiomyopathy with predominant heart failure, and in some cases, secondary sudden cardiac death [3] . Both founder mutations have characteristic electrocardiographic appearance, together with typical ECG manifestations of arrhythmogenic cardiomyopathy like right precordial T-wave inversions, terminal activation delay and epsilon waves in right precordial leads. Typical ECG manifestations in TMEM43 mutations are poor R-wave progression in right precordial leads (Figure 1 ), often associated with T-wave inversions in lateral leads [4] . Typical ECG manifestations in phospholamban mutations are low voltage ECG [5] , more than complete right bundle branch block [6] , epsilon waves in right precordial leads and in lead aVR [7] and right precordial T-wave inversions ( Figure 2 ). Atrial ibrillation occurs frequently.
Case Report
We followed a family with founder p.S358L TMEM43 mutation with sudden cardiac deaths in two sons. Their sister was diagnosed as having arrhythmogenic right ventricular cardiomyopathy in younger<30 years age. The mother was also TMEM43 positive, had no complaints and had no electrocardiographic criteria of arrhythmogenic cardiomyopathy. The ECG of the two sons represented with poor R progression in right precordial leads, coved-type and saddleback type ST segment elevation, retrospectively, and T-wave inversion in lateral leads in one son.
The electrocardiogram of their sister revealed R wave loss in right precordial leads, terminal activation delay, and no signs of T-wave inversions. At the age of >30 years an ICD implantation was performed for primarily prophylactic reasons. The mother remained without any symptoms, and the ECG remained normal.
In 18 cases with typical arrhythmogenic cardiomyopathy low voltage ECG was present, almost always caused by p.Arg14del phospholamban mutation. A genetic testing was nor done. In addition, these 18 cases developed more than complete right bundle branch block, epsilon wave in lead aVR and in 4 cases atrial ibrillation. A single case irst developed non-sustained ventricular tachycardia despite RF ablation with terminal activation delay in ECG, two years later recurrent ventricular ibrillation with typical ECG (epsilon waves, right precordial T-wave inversions and ST-segment elevation in right precordial leads), and 6 months later signs of terminal heart failure requiring heart transplantation with the development of low voltage ECG and complete right bundle branch block. In three additional patients the initial ECG was highly typical for arrhythmogenic cardiomyopathy, then developing low voltage ECG, complete right bundle branch block, and epsilon waves in lead aVR. Two additional patients had heart transplantation despite optimisation of heart failure therapy. In 17 cases right and left ventricular dilatation developed after complete right bundle branch block occurred, with decreasing biventricular function. At end stage of the disease it was dif icult to decide whether dilated or arrhythmogenic biventricular cardiomyopathy was the right diagnosis.
Data interpretation
Founder mutations in TMEM43 and phospholamban are characterized by speci ic ECG abnormalities and speci ic clinical outcomes. In TMEM43 mutations an aggressive sort of arrhythmogenic cardiomyopathy is present in relation to sudden cardiac death. When TMEM43 mutations was irst described in three Newfoundland families several sudden cardiac deaths appeared in the families [8] . In phospholamban mutations heart failure symptoms prevailed. Then histology was analyzed comparing phospholamban and plakophilin-2 mutations a signi icant higher amount of ibrosis can be seen in phospholamban mutation cases [9] , thus developing symptoms of heart failure.
Summary
In speci ic founder mutations highly speci ic ECG abnormalities can be found, in addition to typical changes in arrhythmogenic cardiomyopathy like T-wave inversions in right precordial leads, right precordial epsilon waves and terminal activation delay representing localized right precordial QRS prolongation and typical indings in lead aVR [10, 11] .
